Abstract Background/Aims: To investigate the associations between the rs1250569 (zinc finger MIZtype containing 1, ZMIZ1), rs1042522 (tumour protein p53, TP53), and rs10114470 (tumour necrosis factor-like cytokine 1A, TL1A) polymorphisms and the development of inflammatory bowel disease (IBD) in a Chinese (Han) population. We analysed the expression of genes that predispose patients to Crohn's disease (CD) and ulcerative colitis (UC). Methods: A total of 381 IBD patients and 517 healthy controls were recruited into our study. Polymorphisms at the three loci were genotyped using polymerase chain reaction-ligation detection reactions (PCR-LDR). Genotype-phenotype correlations were analysed. Blood and gut samples were obtained and analysed using quantitative real-time PCR (qRT-PCR), western blot analysis, and immunohistochemistry to investigate the mRNA and protein levels and in situ expression of genes found to predispose patients to IBD. Furthermore, the expression of susceptible genes was further verified using a mouse dextran sulphate sodium (DSS)-induced acute colitis model. Results: No significant association was detected between rs1250569 and rs1042522 genotypes and CD or UC susceptibility. However, the frequency of allele A of rs1250569 was much higher in CD patients than that in healthy controls (55.03% vs. 48.48%, respectively; p = 0.044). The mutation rates at rs10114470 were dramatically lower at both the genotype and allele level in patients than those in healthy controls (p = 0.002 at both the genotype and allele level). Additionally, increased ZMIZ1 and TL1A levels were detected in intestinal samples obtained from both IBD patients and DSS-treated mice. Conclusion: rs1250569 (ZMIZ1) and rs10114470 (TL1A) are two novel loci that indicate susceptibility to IBD in Han-Chinese patients. Consistent with previous studies, TL1A expression levels were higher in Chinese Han
Introduction
Inflammatory bowel disease (IBD) includes ulcerative colitis (UC) and Crohn's disease (CD) and is an intractable disease that is characterised by recurring, relapsing, and remitting episodes of inflammation [1] . According to many studies, the incidence and prevalence of IBD are rapidly increasing worldwide [2, 3] . However, its aetiology remains poorly understood. The event that initiates the development of IBD can be bacterial, viral, or environmental in nature or involve another factor [4] [5] [6] . The genetic epidemiological data clearly implies that susceptibility to the pathogenesis of IBD is inherited, and up until now, more than 163 genes have been identified as potential culprit genes in IBD [7, 8] .
Recently, an immuno-chip analysis of a Korean population identified rs1250569 in zinc finger MIZ-type containing 1 (ZMIZ1) as a novel susceptibility locus for Crohn's disease that increased susceptibility in an Asian population [9] . rs1042522, in tumour protein p53 (TP53), has previously been observed in a variety of cancers and associated with an increased risk of IBD in Canadians [10] . TNFSF15 or TL1A (tumour necrosis factor superfamily member 15 and TNF-like cytokine 1A, respectively) is expressed at significantly higher levels in both CD and UC patients and is well-known to predispose patients to CD and UC around the world [11] [12] [13] [14] . Moreover, many TL1A loci are associated with IBD susceptibility across all ethnic and age groups [11, 15, 16] . rs10114470 is a novel TL1A locus that was found to provide significant protection against both CD and UC in an Indian population [17] . However, the relationship between rs1250569, rs1042522, and rs10114470 variants and IBD susceptibility has not yet been investigated in a Chinese population. In our study, we found an association between IBD and each of the rs1250569 and rs10114470 variants, but not rs1042522. In addition, higher expression levels of ZMIZ1 and TL1A were detected in IBD patients. A DSS-induced mouse colitis model was used to confirm these results, and high expression levels of ZMIZ1 and TL1A were also observed in DSS-treated mice.
Materials and Methods

Ethical statement for human samples
This study was approved by the ethics committee of Zhongnan Hospital of Wuhan University and conducted according to the principles of the Declaration of Helsinki [18] . All participants provided written informed consent before they were included in the study.
Patients and sample collection A total of 381 IBD patients (179 with CD and 202 with UC) and 517 healthy controls (age-and gender-matched) were recruited from the Department of Gastroenterology at Zhongnan Hospital of Wuhan University (Wuhan, China) from September 2014 to January 2016. All included patients were evaluated to obtain diagnostic criteria, including clinical, standard endoscopic, radiologic, and histopathological findings [19] . The controls were selected from healthy volunteers at the same time. Lithium sulphate anti-coagulated peripheral blood samples were collected from the patients and healthy controls. The demographic data and clinical characteristics of all of the participants are summarised in Table 1 . The clinical features of CD and UC were classified using the Montreal classification criteria [20] . Inflamed colonic biopsies were collected from inflammatory sites adjacent to ulcerations in CD and UC patients who underwent endoscopy at Zhongnan Hospital of Wuhan University. Normal colonic mucosa samples that were collected from healthy volunteers or non-inflamed colon tissues that were 20 centimetres distant from polyps or neoplasms (non-IBD, or NIBD) served as the control tissues.
Animals and ethics statement
Balb/c mice aged 8 to 10 weeks old with a body weight of 20-22 g were obtained and bred under specific pathogen-free (SPF) conditions. They were provided access to food and water ad libitum. The mice were acclimated to the conditions for more than five days before the beginning of the experiments. We performed our experiments in strict accordance with the Chinese laws of protection, and all experimental procedures received approval from the Animal Welfare Committee of Wuhan University.
DSS-induced colitis model
Colitis was induced using dextran sulphate sodium (DSS, MW 36,000-50,000, MP Biomedicals, Solon, OH) dissolved in drinking water at a concentration of 4.5%. DSS was provided for seven days. The control group mice were provided with distilled water throughout the experiment. All animals were monitored on a daily basis for any signs of disease, including loss of body weight, stool consistency, occult blood and gross rectal bleeding, by a trained and blinded observer. A disease activity index (DAI) was calculated, as described by Cooper et al. [21] . On day 7, the experimental and control mice were sacrificed using CO 2 inhalation and then cervical dislocation. During the autopsy, colon length was measured, and it was gently cleared of faeces using 4°C normal saline. Small segments of the distal colon were collected for histopathological analysis and subsequently fixed in 4% paraformaldehyde (PFA). The remaining colon tissues were reserved for further analysis.
DNA extraction and polymorphism genotyping
Genomic DNA was extracted from peripheral blood using a DNA blood mini kit (TIANGEN, Beijing) according to the manufacturer's instructions. The genotypes for rs1250569, rs1042522, and rs10114470 were detected using the polymerase chain reaction-ligation detection reaction (PCR-LDR) method with technical support from Shanghai Biowing Applied Biotechnology Company (Shanghai, China) [22, 23] . The primers and probes that were used are shown in Table 2 .
RNA extraction and quantitative Real-Time PCR (qRT-PCR)
Total RNA was extracted from human blood and human or mouse colon samples using Trizol reagent (Invitrogen, USA) according to the manufacturer's protocols. The RNA samples were quantified using a NanoDrop 2000 spectrophotometer (Thermo Scientific, USA). Total RNA (1 μg) was used to synthesise firststrand cDNA using a synthesis kit (Thermo Scientific, USA). qRT-PCR was subsequently performed using a QuantStudio TM 6 Flex Real-Time PCR instrument (ABI, USA) with SYBR ® Premix Ex Taq TM II mix (Takara, Japan). The gene-specific primer pairs that were used in these experiments are listed in Table 2 . 
SDS-polyacrylamide gel electrophoresis (PAGE) and Western blot analysis
Total protein was extracted from human or mouse colon tissues using RIPA lysis buffer supplemented with protease and phosphatase inhibitors. Protein concentrations were determined using a BCA protein assay kit (Beyotime Biotechnology, Shanghai, China). A total of 40 μg of protein was loaded onto and separated using an 8% SDS-PAGE gel. It was then transferred onto polyvinylidene difluoride (PVDF) membranes (Millipore, USA) using a wet transfer apparatus. The membranes were then blocked in TBST (Tris-buffered saline containing 0.1% Tween-20) containing 5% non-fat milk powder for 1 h at room temperature. They were subsequently incubated with specific primary antibodies overnight at 4°C. After three washes in TBST, the membranes were incubated with horseradish peroxidase (HRP)-conjugated species-specific secondary antibodies for 2 h at room temperature. After the blots were washed three times Table 3 . Scoring for the severity of histological damage. Scores were calculated by multiplying the score for the first three parameters by their percentage involvement, resulting in a maximum score of 40 Table 2 . Sequences of primers and probes used in the article with TBST, they were visualised using high-sensitivity chemiluminescence. The densities of the blots were analysed using Quantity One software (Bio-Rad). Then, the specific protein expression levels of the blots on the membrane were normalised to GAPDH levels. The following primary antibodies were used: anti-ZMIZ1 (human) monoclonal antibody (mAb) (Cat. SC-376825, Santa, USA), anti-TL1A (human/mouse) polyclonal antibody (pAb) (Cat. ab 85566, Abcam, USA), and anti-ZMIZ1 (mouse) mAb (Cat. 37868, Signaway Antibody, China). The antibodies against GAPDH (Cat. KM9002, Sungene, Tianjin, China) and the HRP-conjugated goat anti-rabbit/mouse antibodies (Cat. LK2001/LK2003, Sungene, Tianjin, China).
Histological analysis and immunohistochemistry (IHC)
Human and mouse colon biopsies that were obtained for histopathology were fixed using 4% PFA at 4°C overnight and then embedded in paraffin. They were cut into 3 μm-thick paraffin sections and stained using haematoxylin and eosin (H&E). Histological scoring of the mouse colons was performed in a doubleblinded manner and based on a combination of epithelial damage and inflammatory cell infiltration (Table  3) . To perform IHC, the sections were incubated in series with the indicated primary antibodies overnight at 4°C and then with species-specific secondary antibodies for 1 hour at room temperature. The following primary antibodies were used: anti-ZMIZ1 (human) pAb (Cat. AP6236a, ABGENT, China) and anti-ZMIZ1 (mouse) mAb (Cat. 37868, Signaway Antibody, China). Sections that were treated with phosphate-buffered saline (PBS) instead of primary antibody were used as negative controls. Images were captured using a microscope (Olympus, Cat. #IX73). Image-Pro Plus version 6.0 (Media Cybernetics, BetheSEMa, MD) was used to calculate the integrated option density (IOD) of the protein expression.
Statistical analysis
Hardy-Weinberg calculations were performed, and the 3 single nucleotide polymorphisms (SNPs) were found to be in allelic population equilibrium (p = 0.32 for rs1250569, p = 0.64 for rs1042522 and p = 0.39 for rs10114470). All analyses were performed using SPSS Version 17.0 (Chicago, IL). χ2 tests were used to analyse genotype and allele frequencies and the genotype-phenotype correlations between the patients and healthy controls. Odds ratios (ORs) and 95% confidence intervals (CIs) were used to estimate the relative risk of developing CD or UC. Differences in mRNA and protein expression between the patient and control groups were analysed using one-way analysis of variance (ANOVA). Unpaired t-tests were used to analyse the differences between the experimental and control mice. A p-value ˂ 0.05 was considered statistically significant. All data are presented as the mean ± SD. Representative data are shown for three independent experiments.
Results
The association between gene polymorphisms and IBD development
The association between the genotypes and IBD susceptibility is illustrated in Table  4 . At locus rs1250569, we found that 376/517 (72.73%) of the healthy controls possessed mutant genotype AA or AG. This was lower than the proportion in the CD (141/179, 78.77%) and UC (150/202, 74.26%) groups, but the difference was not significant (p = 0.111 for CD and p = 0.677 for UC). At the allelic level, the rs1250569 mutant allele A was a potentially riskassociated locus for CD (p = 0.044, OR = 1.282, 95% CI: 1.007-1.632), whereas rs10114470 was a protective locus for CD at both the genotype and allele level (p = 0.002, OR = 0.552, 95% CI: 0.381-0.799 for genotype level; p = 0.002, OR = 0.688, 95% CI: 0.540-0.877 for allele level). There was no association between the rs1042522 polymorphism and IBD (p > 0.05 for CD; p > 0.05 for UC).
The associations between gene polymorphisms and disease phenotypes are listed in Table 5 
IBD patients possessed higher levels of TL1A other than ZMIZ1 in peripheral blood
Our sequencing data demonstrated that rs1250569 (ZMIZ1) and rs10114470 (TL1A) are associated with the development of IBD. We used qRT-PCR to further analyse the systematic expression of the two genes in blood samples obtained from IBD patients. A total of 49 CD, 33 UC, and 31 healthy controls were included in this analysis. The enrolled subjects were selected from individuals for whom we could obtain genotyping data. The primers used in these reactions are listed in Table 2 . We found that ZMIZ1 expression in the blood was lower in the CD (2.61 ± 1.43) and UC (2.49 ± 1.45) groups than in healthy controls (2.64 ± 1.82), but this difference was not statistically significant (p = 0.92 for CD; p = 0.69 for UC) (Fig. 1A) . Both the CD and the UC group possessed higher levels of TL1A mRNA than the healthy controls (4.88 ± 5.60 vs. 1.07±0.41, p < 0.001 for CD; 2.67 ± 1.94 vs. 1.07 ± 0.41, p<0.001 for UC) (Fig. 1B) .
To further investigate whether variants of the two SNPs affect the mRNA expression of these two genes, we divided the 31 healthy individuals into three groups based on their rs1250569 (ZMIZ1) and rs10114470 (TNFSF15) genotyping data. Our results demonstrate that the rs1250569 and rs10114470 variants did not influence gene expression (Fig. 1C and  1D ).
IBD patients possessed increased ZMIZ1 and TL1A levels in the gut
Because IBD is an inflammatory disease that primarily affects the gut, we next sought to determine the mRNA and protein levels of ZMIZ1 and TL1A in colonic biopsies obtained from IBD patients. Inflamed colon samples were obtained from 17 CD and 17 UC patients, and non-inflamed colon tissues were obtained from a region 20 centimetres away from the inflamed tissues in 8 patients with polyps or neoplasms (NIBDs) who were included in this study. However, unlike their expression in the blood, we observed markedly higher ZMIZ1 mRNA levels in CD and UC tissues than in healthy control tissues (3.43 ± 2.20 vs. 1.20 ± 1.25, p<0.05 for CD; 3.01 ± 2.25 vs. 1.20 ± 1.25, p<0.05 for UC) (Fig. 2A) . Consistent with its expression in the blood, TL1A levels were also dramatically higher in intestinal tissues Total protein was extracted from normal colon biopsies obtained from 15 NIBD individuals and inflamed colon tissues obtained from 15 CD and 15 UC patients. Western blot assays revealed that the protein level of ZMIZ1 was significantly higher in both the CD (0.20 ± 0.085) and UC (0.20 ± 0.077) groups than in the NIBD group (0.081 ± 0.033). In both cases, this difference was very significant (p < 0.001 for CD, p < 0.001 for UC) (Fig. 2C) . Consistent with previous studies, we observed higher TL1A protein levels in Chinese IBD patients (p = 0.009 for CD, p = 0.001 for UC) (Fig. 2D) .
As shown in Fig. 3A , ZMIZ1 was mainly localized in the nucleus and cytoplasm in epithelial cells in the colonic mucosa and inflammatory cells in the lamina propria (LP). Our IOD analysis demonstrated that there were markedly higher numbers of ZMIZ1-positive cells in both CD (53153.34 ± 17522.64, p = 0.002) and UC (56018.04 ± 12047.16, p = 0.001) gut mucosae. In contrast, only a few ZMIZ1-positive cells (34826.88 ± 7273.47) were present in the normal gut specimens (Fig. 3C ). Our data demonstrate that ZMIZ1 expression is locally higher in the inflamed intestinal tissues of IBD patients. Furthermore, ZMIZ1 is a novel potential predictive gene for IBD in Chinese populations and that it might play crucial roles in IBD pathogenesis.
Raised ZMIZ1 and TL1A expression in a DSS-induced colitis model
To further evaluate ZMIZ1 and TL1A expression in experimental colitis, we induced acute colitis in Balb/c mice by administering 4.5% DSS in their drinking water for 7 days. We found that mice treated with DSS lost significantly more body weight than control mice beginning on day 5 (day 5: 95.43 ± 2.74% vs.103.59 ± 2.32%, p < 0.001; day 6: 91.50 ± 4.06% vs. 102.23 ± 2.17%, p < 0.001 and day 7: 86.13 ± 5.65% vs. 101.63 ± 2.82%, p < 0.001) (Fig.  4A) . In addition, the DAI scores were markedly worse in the colitis mice than in the control mice (day 4, p = 0.001; day5, p < 0.001; day 6, p < 0.001; day7, p < 0.001) (Fig. 4B) . Colon length is an additional macroscopic indicator of gut damage, and we found that they were significantly lower in the DSS-treated mice than in control mice (6.09 ± 0.45 cm vs. 8.46 ± 0.56 cm, p < 0.001) (Fig. 4C and 4D) . Furthermore, we found that administering DSS resulted in the loss of normal colonic architecture and was characterised by epithelial damage and inflammatory cell infiltration. These changes were reflected in the histological scores, which were determined under microscopy ( Fig. 4E and 4F ). These data showed that our DSSinduced colitis model was successful.
On day 7, the experimental mice and control mice were executed. To investigate ZMIZ1 and TL1A expression, we extracted total mRNA and protein from colon tissues. qRT-PCR was performed using the primers listed in Table 2 . Western blot assays were also performed. As shown in Fig. 5A and 5B, ZMIZ1 (6.21 ± 3.02 vs. 1.01 ± 0.14, p = 0.002) and TL1A (30.85 ± 14.49 vs. 0.45 ± 0.37, p=0.001) mRNA levels were dramatically higher in DSS-treated mice than in control mice. Western blot analyses confirmed the results of qRT-PCR, showing that both ZMIZ1 (0.80 ± 0.13 vs. 0.49 ± 0.09, p < 0.001) and TL1A (0.87 ± 0.24 vs. 0.54 ± 0.20, p < 0.05) were two-fold more abundant in DSS-administered mice than in control mice (Fig. 5C,  5D ). The in situ expression of ZMIZ1 in the colons of experimental mice and control mice was consistent with its expression in humans. Our IOD analysis demonstrated that DSS-treated mice expressed much more ZMIZ1 than control mice (101568 ± 41402 vs. 49447 ± 20121, p = 0.006) (Fig. 5E and 5G ).
Discussion
Many SNPs have been shown to be associated with the development of IBD. In this study, we demonstrate that three novel susceptible loci that were recently discovered in Korean and Canadian populations are also present in the Chinese Han population. Of the three loci investigated, rs1250569 (ZMIZ1) and rs10114470 (TL1A) were found to increase susceptibility to IBD in China, whereas rs1042522 (TP53) did not. Moreover, ZMIZ1 and TL1A were expressed at higher levels in IBD than in control samples, further confirming the notion that these genes play critical roles in IBD pathogenesis. In vivo, we used a DSSinduced acute mouse colitis model to show that ZMIZ1 and TL1A are significantly increased in mice with colitis. ZMIZ1 (also ZIMP10) is a PIAS (protein inhibitor of activated STAT)-like protein [24] that shares a ring finger domain named Miz (msx-interacting zinc finger) with other PIAS proteins [25] . This gene has been shown to act as a transcriptional co-regulator of the activation of TP53 and the transforming growth factor-beta (TGF-β)/mothers against decapentaplegic homologue (Smad) signalling pathways, possibly via chromatin remodelling [26] [27] [28] .
Many genetic variants of ZMIZ1 have been found to be associated with IBD. rs1250550 was found to be an early-onset IBD-specific SNP in the region of ZMIZ1 [29, 30] . rs1250569 which lies within ZMIZ1, was also found to be a susceptibility locus for CD in Koreans [9] . Our data support the notion that there is an association between rs1250569 and susceptibility to early-onset Crohn's disease. Studies regarding the role of ZMIZ1 in IBD pathogenesis have primarily focused on SNPs. Few studies have reported its expression in IBD patients. Our study provides the first line of evidence that ZMIZ1 is locally increased in the inflamed gut tissues of IBD patients other than systemically elevated in the blood. Additionally, we further verified that it is expressed at higher levels in mice with DSS-induced colitis. Furthermore, although our sequencing data showed that there was no relationship between rs1250569 and UC, we observed that ZMIZ1 is increased in gut samples obtained from UC patients.
As a downstream of ZMIZ1, TGF-β is a pleiotropic cytokine with multiple immunosuppressive properties. Both immune cells (e.g., T cells, macrophages, and dendritic cells) and non-immune cells (e.g., stromal and epithelial cells) produce TGF-β1 in the guts of humans and mice, and virtually all intestinal mucosal cells are targeted by this cytokine [31, 32] . TGF-β inhibits many biological processes, including T cell proliferation, the differentiation of T cells into cytotoxic T lymphocytes, and helper T-cells and T-cell stimulatory functions of antigen-presenting cells [33, 34] . TGF-β has also been found to promote the differentiation of regulatory T cells in vitro [35] . Hence, among the roles that have been identified for ZMIZ1, its role in modulating TGF-β is exciting for IBD pathogenesis. Based on these findings, we hypothesized that ZMIZ1 might exert its regulatory effect on gut inflammation by modulating TGF-β expression. Further investigations are needed to verify our hypothesis.
TP53 is a tumour suppressor gene and that has been associated with a large variety of tumours [36] [37] [38] . Few articles have described the relationship between IBD and TP53, and most of these have focused on UC. Hussain et al. [39] showed that the rates of G-to-A alteration in codon 248 and C-to-T alteration at the third base of codon 247 of TP53 were much higher in UC cases than in controls. In 2003, Fujii et al. investigated mutations in TP53 exons 5-8 in UC-associated neoplasias and inflammatory regenerative epithelia and found that they accounted for 95.2% of the former but few of the latter [40] . These data indicate that mutations in TP53 contribute to the morbidity and biological characteristics associated with UC. A recent study of a Canadian population found that TP53 polymorphisms are also associated with CD [10] . Our study represents the first analysis of TP53 (Arg72Pro) polymorphisms in IBD patients in a Chinese population. In contrast to the study performed by Volodko N et al. [10] , we failed to find a significant relationship between rs1042522 and IBD. One potential reason for this discrepancy is that the samples included in these two studies were obtained from different ethnic groups who resided in different geographic regions.
As a key regulator of inflammatory pathways, TL1A plays critical roles in IBD development. Significantly higher levels of TL1A expression have been observed in IBD patients in many populations, yet only limited data are available for the Chinese Han population [41] [42] [43] . Our laboratory previously reported that there are higher levels of TL1A mRNA and soluble protein in the serum and gut mucosa, respectively, of UC patients [44] . In this study, we have corroborated these findings by showing that TL1A levels are higher in both CD and UC patients. This is the first evidence to show the TL1A mRNA and protein expression are increased both locally and systemically in Chinese CD patients.
In conclusion, our data support the notion that there is an association between two extensively studied IBD-associated genetic variants (rs1250569 and rs10114470) and IBD development in a Chinese Han population. We found that the levels of ZMIZ1 and TL1A were higher in samples obtained from both IBD patients and mice with experimentally induced colitis. Still, further studies are required to determine the mechanism by which ZMIZ1 regulates IBD and its precise role in inflammation.
